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ABSTRACT 
 
Background: The ischemia resulting from critical coronary narrowing or total occlusion first 
affects the subendocardialmyofibers. Thus, abnormalities in longitudinal function can be detected 
before reductions in LVEF and reflects infarct size. The 6MWT provides information that may be a 
better index of the patient’s ability to perform daily activities. This study was to assess the 
relationship between left ventricular (LV) global longitudinal strain (GLS) and functional capacity 
measured with 6 minute walk test (6MWT) after AMI. 
Subjects and Method: This is a cross sectional study of patients with STEMI and NSTEMI, at 
Moewardi Hospital, Surakarta. Eligible patients underwent echocardiography global longitudinal 
2D-STE that performed within 48 hour of admission and 6MWT pre- discharge or at the first 
follow-up visits (day 4-9). Patients were divided into 2 groups according to the LV GLS value, 
patients with substantial infarction (LV GLS > -13.8%) and non-substantial infarction (LV GLS < -
13.8%).  
Results: There were 50 patients with 42 STEMI and 8 NSTEMI. Compared to patients in group 
LV GLS < -13.8% (n=18), patients in group LV GLS > -13.8% (n=32) were more likely to be older 
(57.6 y.ovs 55 y.o), less in functional capacity (10.17 ± 1.3 ml/kg/min vs 11.04 ± 0.98 ml/kg/min; 
p= 0.018) and less in 6 MWT distance (347.97± 65.49 m vs392.39 ± 49.44 m; p=0.016). Using 
ROC curves, the 6 MWT distance cutoff value of 375 m identified patients with LV GLS >-13.8%, 
sensitivity of 72.2% and specificity 65.6%, respectively with AUC= 0.70 (CI 95%; 0.559-0.852; p= 
0.017). However, LV GLS >-13.8% and age >60 y.o remained the independent predictor in a 
multivariate logistic regression analysis to identify 6 MWT distance < 375 m in patients after AMI 
with GLS >-13.8%, (OR =7.967; CI 95%= 1.669-38.030; p=0.009) and age >60 y.o, (OR=10.898; 
CI95%= 2.201-53.971; p=0.003).  
Conclusions: In patients after AMI with substantial infarction (LV GLS >-13.8%) had less in 
functional capacity. The 6 MWT distance cutoff value of 375 m identified patients with LV GLS >-
13.8% and could be used in rehabilitation program after AMI. 
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BACKGROUND 
Loss of contractile tissue abilities after 
acute myocardial infarction results in 
myocardial functional impairment in the 
area of the infarction depending on the 
extent of tissue necrosis and the decrease in 
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left ventricular ejection fraction in general. 
Echocardiography is widely available and 
can be done in acute conditions so that this 
modality becomes the first choice in 
assessing risk stratification after acute 
myocardial infarction. Conventional echo-
cardiography studies provide a rapid and 
general picture of the myocardium, but left 
ventricular ejection fraction is weak in 
detecting pathological changes early and 
minimal (Diao et al., 2017). In patients with 
acute myocardial infarction, there is 
damage to the myocytes. Ischemia pro-
duced by critical narrowing or occlusion of 
coronary arteries, first affects the sub-endo-
cardiac myofibril because of the transmural 
distribution of coronary perfusion. Sub-
endocarbum fibers become the area that 
first shows abnormalities of contractile 
function when ischemia occurs (Ersball, 
2013). Therefore abnormalities in the longi-
tudinal (longitudinal strain) function can 
be detected before the decrease in left 
ventricular ejection fraction and the level of 
longitudinal dysfunction of the strain 
indicates the magnitude of infarct (infarct 
size). Low left ventricular left ventricular 
longalvalignal (GLS) values in patients with 
acute myocardial infarction are associated 
with the extent of infarction and left 
ventricular ejection fraction, can predict left 
ventricular changes, clinical events and 
response to re-perfusion strategies (Gjesdal 
et al ., 2007). 
Functional capacity is the individual's 
ability to perform aerobic activity as 
measured by maximal oxygen uptake 
(VO2max), which results from cardiac 
output (CO) and arterial and venous oxygen 
levels. Functional capacity is affected by 
cardiac output (CO), which reflects the 
ability for the left ventricle to pump blood 
and muscle ability to extract oxygen for 
energy production. Cardiac output (CO) is 
affected by the volume of stroke (SV) and 
heart rate. In normal adults, when the 
physical activity of stroke volume increases, 
the CO increases linearly in accordance 
with the increase in work intensity. Stroke 
volume can be increased by increasing 
contractility and ejection fraction (EF), ie 
the percentage of diastolic final volume that 
is injected during the systolic phase (Swain 
et al., 2014). The greater myocardial 
damage or decreased left ventricular funct-
ion accompanying episodes of myocardial 
infarction acute, the lower the heart's 
ability to pump blood during activity or at 
rest, as measured by the function of the 
ejection fraction or cardiac output (CO). 
Furthermore, the greater decreased in the 
function of the heart pump, the lower the 
patient's functional capacity. 
6-MWT examination is a test to 
measure functional capacity in target 
population using moderate to severe distur-
bance. In certain clinical situations, 6 MWT 
provides information about the patient's 
index / ability to perform daily activities 
rather than information on maximal oxygen 
uptake (Crapo et al., 2002). The clinical 
application of 6 MWT evolved from 
measuring the tolerance of training in 
patients with low functional capacity and 
high-risk groups for the maximum practice 
test, up to now, 6 MWT was used as a 
guiding prescribing activity by converting 
the distance obtained from the training to 
metabolic equivalent (MET) (Venkatesh et 
al., 2011). 
 
SUBJECTS AND METHOD 
Subjects were taken consecutively in 
patients with acute myocardial infarction 
with ST / IMA EST segment elevation and 
without ST / IMA segment elevation 
without EST undergoing treatment at DR. 
Moewardi hospital, Surakarta, Central Java 
and willing to do echocardiographic 
examination and sub-test of maximal 6 
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MWT before outpatient / pre-discharge or 
on the first outpatient visit. Patients 
included in the inclusion criteria were 
patients with acute myocardial infarction 
(based on chest pain complaints, ST 
elevation or elevated ST elevation in ECG 
and elevated cardiac enzyme biomarkers), 
≤ 24 hours onset and willing to be the 
subject of the study. The exclusion criteria 
were patients with previous history of acute 
coronary syndrome or chronic heart failure; 
patients with valvular heart disease; 
patients with atrial fibrillation; Echocar-
diography examination results are not 
feasible for GLS analysis; patients with 
chronic renal failure, hepatic cirrhosis, 
chronic inflammatory disease or malig-
nancy; patients with acute infection or 
sepsis; patients with acute stroke; patients 
with life-threatening arrhythmias, unstable 
angina after infarction; patients with 
untreated heart failure; patients with non 
cardiac abnormalities that limit the ability 
of motion/perform trainings such as 
osteoarthritis. 
 The global longitudinal strain is an 
echocardiographic examination that mea-
sures the myocardial tissue deformation / 
strain of the 2-dimensional image speckle 
tracking echocardiography (STE). The 
strain expresses the length change of the 
object relative to the initial length in 
percentage (%) with the shortening written 
as a negative value and elongation as a 
positive value. Global longitudinal strains 
(GLS) are calculated as the mean of all 
segments, as a measurement of left 
ventricular function globally (Ersball, 
2013). 
Left ventricular GLS measurements 
were performed by using Vivid S6 Cardio-
vascular Ultrasound Sytem (GE Healthcare, 
Wisconsin, USA). GLS was examined using 
the automated function imaging (AFI) 
technique available in echocardiography 
machine software, based on 2-dimensional 
longitudinal strain imaging. Longitudinal 
strains are defined as physiological changes 
of the length of the region of interest (ROI) 
from the end of the diastolic phase to the 
end of the systolic phase. During this 
period, the longitudinal strain was negative 
because of the shortening of the ROI. GLS 
examination results were expressed in 
software such as GLPSS-Avg which reflects 
the overall systolic peak of each left 
ventricle segment (1-s2). After the GLS 
score was obtained, the samples are 
grouped into two: GLS -13.8% and GLS> -
13.8% (Eek et al., 2010). 
The 6 MWT training test is a maximal 
sub exercise test that measures the distance 
a patient can travel by walking fast on a flat 
surface for 6 minutes. This training test is 
done indoor which has a flat floor, the 
length of the corridor used is marked every 
3 meters and marked for a turn. Patients 
wore comfortable clothing and footwear 
with continuing medicines. Patients were 
allowed to eat lightly before the exercise 
test was performed but are not allowed to 
do heavy activity up to 2 hours before the 
exercise test is carried out. The patient 
performede a warm-up before performing a 
measurement of vital signs, scoring the 
borg scale, ie the patient's perception of 
fatigue assessed on a scale of 0-10 (0 = not 
tired, 2 = slightly tired, 3 = moderate, 4 = 
tired 5 = slightly heavier, 7 = very tired, 10 
= very tired (maximum)) and telemetry 
ECG installation. The time marker was set 
within 6 minutes and the patient was 
required to walk as far as they can but were 
not allowed to run. Patients were allowed to 
stop during the training test and then 
continue to walk again or stop the training 
test. During a live training test, the patient 
was informed about the time that has been 
spent. When 6 minutes have been reached, 
mileage was taken during the training test 
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and documented vital signs and Borg scale 
perceived. The distance obtained was 
converted into VO2max. 
The data obtained were analyzed 
statistically using SPSS 22.0 software. The 
normality test of continuous data was 
performed using Kolmogorov-Smirnov test. 
If the data is normally distributed, the 
average difference test is performed using 
an unpaired T test. If the data is not 
normally distributed, it is conducted by 
using Mann-Whitney test. Comparisons to 
categorical data were performed using chi-
square test. Receiver-operating characteris-
tic (ROC) curve analysis was performed to 
determine the left ventricular GLS cut point 
against functional capacity as measured by 
6 MWT. Significant variables in univariate 
or biologically relevant analyzes were 
included in the multivariate analysis. 
 
RESULTS 
There were 50 patients, 8 patients with 
IMA without EST and 42 patients with IMA 
EST who fulfilled inclusion and exclusion 
criteria, and could be examined for 6 MWT 
training test. Patients with a qualified IMA 
EST and agreed to do fibrinolytics consisted 
of 36 of 42 patients and 14 of 36 who 
fulfilled fibrinolyticsuccess criteria. A total 
of 21 of 42 patients with IMA EST and 1 of 
8 IMA patients without EST underwent 
mechanical reperfusion with stent insert-
ion. The left ventricle GLS examination was 
performed on the 2nd day of admission. 
Intra-observer reliability analysis of left 
ventricular GLS measurements using Intra-
class Correlation Coefficient (ICC) on 14 
samples obtained ICC 0.929. The median 
time of the 6 MWT training test is the 5th 
day (4-9) after admission. Patients were 
categorized into groups with significant 
infarct infarction (extent of infarction> 
12%), characterized by GLS> -13.8% and a 
group with an insignificant infarct region 
characterized by GLS <-13.8%. 
Groups with GLS> -13.8% consisted 
of 32 patients and the GLS group ≤-13.8% 
of 18 patients. The basic characteristics of 
patients in both groups were similarly 
different (demographic, sex, age and body 
mass index), influencing risk factors 
(hypertension, DM, smoking and dyslipid-
emia), clinical characteristics (infarct type, 
killip class) and therapy (medical and 
mechanical reperfusion), as well as the 
timing of the 6 MWT training test. The 
mean age in the GLS group of -13.8% was 
57.6 years and the GLS group ≤-13.8% was 
55.8 years with the proportion of patients 
with male patients equally more in both 
groups. The basic characteristics of both 
groups are shown in Table 1. 
The significant differences were 
shown in the left ventricular ejection 
fraction of the group with GLS> -13.8% 
lower (42.97 ± 7.58%) of the GLS group ≤-
13.8% (52.06 ± 7.43%) with p <0.001. If 
distinguished to anterior IMA type and 
non-anterior IMA type, the group with 
GLS> -13.8% had a higher proportion of 
patients with anterior IMA type (56% and 
22%) with P = 0.036. 
In the different test with independent 
T test, there was a difference of mean 
distance at 6 MWT and functional capacity 
in the group with GLS> -13.8% and GLS ≤-
13.8% significantly with p <0.05. Mileage in 
GLS group> -13.8% as far as 347.97 ± 65.49 
meters with functional capacity 10.17 ± 1.3 
ml / kgBW / min. Mileage in the GLS group 
≤-13.8% as far as 392.39 ± 49.44 meters 
with functional capacity of 11.04 ± 0.98 ml 
/ kgBW / min (table 2). 
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Table 1. The Characteristics of Subjects 
Parameter GLS ≤-13.8% (n=18) GLS>-13.8% (n=32) p  
Gender 
Male, n (%) 
Female, n (%) 
 
15 (83.3) 
  3 (16.6) 
 
24 (75) 
  8 (25) 
 
0.074 
Age 55.83±12.45 57.66±8.11 0.534 
Body Mass Index 
(m/kg2) 
22.84±3.08 24.6±3.37 0.074 
Diabetes Melitus, n (%) 4 (22.2) 9 (28) 0.746 
Hipertention, n (%) 8 (44.4) 16 (59.4) 0.382 
Active Smoker, n (%) 13 (72.2) 18 (56.2) 0.366 
Dislipidemia, n (%) 14 (77.8) 26 (81.2) 1.000 
Killip Class 
     Killip I, n (%) 
     Killip II-IV, n (%) 
 
16 (88.8) 
  2 (11.1) 
 
24 (75) 
  8 (25) 
 
0.295 
IMA EST Type/without 
EST 
     IMA EST, n (%) 
     IMA non   EST, n (%) 
IMA ant type/non ant 
     IMA anterior, n (%) 
     IMA non anterior, n 
(%) 
 
13 (72.2) 
  5 (27.8) 
 
4 (22.2) 
14(77.7) 
 
29 (90.6) 
  3 (9.4) 
 
18 (56.2) 
14 (43.7) 
 
0.118 
 
 
0.036 
Ejection fraction 
(Simpson) (%) 
52.06 ±7.43 42.97 ± 7.58 <0.001 
Fibrinolitik 
     Yes, n (%) 
No, n (%) 
PCI, n (%) 
     Yes, n (%) 
No, n (%) 
 
13 (72.2) 
  5 (27.8) 
 
9 (50) 
9 (50) 
 
23 (71.9) 
  9 (28.1) 
 
13 (40.6) 
19 (59.4) 
 
1.000 
 
 
0.565 
Distance 6 MWT (meter) 
VO2max (ml/kgBB/min) 
392.39 ± 49.44 
11.04 ± 0.98 
347.97 ± 65.49 
10.17 ± 1.3 
0.016 
0.018 
 
Table 2.The comparison of mean distance at 6 MWT between GLS groups 
 n Mean+ SD p 
GLS ≤-13.8% 18 392.39 ± 49.44 0.016 
GLS >-13.8% 32 347.97 ± 65.49  
 
Table 3.The average comparison of VO2max values between GLS groups 
 n Mean+ SD p 
GLS ≤-13.8% 18 11.04 + 0.98 0.018 
GLS >-13.8% 32 10.17 + 1.3  
 
Mileage distance during the 6 MWT 
training test indicating the group with 
GLS> -13.8% was determined using the 
ROC curve. On the ROC curve obtained 
cutoff point 375 meters with a sensitivity of 
72.2% and specificity of 65.6%. The value of 
the under-the-curve (AUC) area is 0.70 (IK 
95% 0.559-0.852; p = 0.017). This value 
can be interpreted from 70 out of 100 
patients after myocardial infarction tested 6 
MWT which has a distance of less than 375 
has an area of infarction> 12% indicated by 
GLS >-13.8%. 
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Figure1.Analysis Curve ROC GLS >-13.8% on the distance 6MWT and cutting 
point 375 meters, AUC: 0,706 (95% CI= 0.56 to 0.85; p= 0.017) 
 
 
Figure 2. The cutting point of 6 MWT showed GLS> -13.8% at 375 meters 
distance with sensitivity of 72.2% and specificity of 65.6% 
 
In the previous results, it was found 
that there was a difference in mean 
functional capacity of patients after acute 
myocardial infarction in GLS> -13.8% and 
GLS ≤-13.8%. The functional capacity was 
obtained by converting the distance 
obtained at 6 MWT into VO2max. Mileage 
is the main component to get an estimated/ 
estimated VO2max. The cutoff point of 6 
MWT indicates a significant infarct area 
marked with GLS> -13.8% and an 
insignificant infarct area characterized by 
GLS ≤-13.8% is 375 meters. By dividing the 
group into groups of patients who can reach 
distances> 375 meters and <375 meters 
bivariate analysis of factors that influence 
the distance of 6 MWT of patients after 
acute myocardial infarction.  
Some variables of bivariate analysis 
are: gender, age> 60 years and age <60, 
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body mass index> 25 and <25, killip I and 
killip II-IV, anterior IMA type and non-
anterior IMA type, ventricular ejection 
fraction left <50% and> 50%, fibrinolytic 
therapy, success of fibrinolytic therapy and 
GLS> -13.8% and GLS <-13,8% (Table 4). 
The time interval of the 6 MWT training 
test on the infarction onset has the 
distribution of unheard-of-normal data 
with the time span of 6 MWT training 
assays on days 4-9 of the onset of 
infarction. The timing of the 6 MWT 
training did not affect the difference in the 
distance of 6 MWT (Table 5). The IMA 
infarction type with EST and IMA without 
EST also did not show an effect on the 
achievement of 6 MWT distance because 
the proportion of patients with IMA 
without EST was smaller than IMA EST.
Table 4. Bivariate analysis of several variables that affect the distance of 6 MWT 
Variable 
distance 
< 375 
(24) 
distance 
> 375 
(26) 
p 
 
OR 
95% IC 
n % n % Min Max 
Gender Male 18 69.2 21 87.5 0.175 0.32 0.07 1.40 
Female 8 30.8 3 12.5     
Age > 60 years old 18 69.2 7 29.1 0.010 0.18 0.05 0.62 
< 60 years old 8 30.7 17 70.8     
IMT ≥25 kg/m2 7 26.9 9 37.5 0.547 0.61 0.19 2.03 
<25 kg/m2 19 73.1 15 62.5     
Killip Class I 19 73.1 21 87.5 0.294 0.39 0.09 1.72 
II-IV 7 26.9 3 12.5     
IMA Type Anterior IMA  14 53.8 8 33.3 0.166 0.43 0.14 1.35 
Non anterior 
IMA  
12 46.2 16 66.6     
Ejection 
Fraction 
< 50% 19 73.1 13 54.2 0.239 2.30 0.71 7.49 
≥ 50% 7 26.9 11 45.8     
Fibrinolytics Yes 17 65.3 19 79.2 0.352 2.01 0.56 7.19 
No 9 34.6 5 22.8     
Fibrinolytics Successful 5 19.2 9 37.5 0.211 2.52 0.70 9.05 
 Unsuccessful 21 80.8 15 62.5     
GLS > -13,8% 21 80.8 11 45.8 0.018 0.20 0.06 0.71 
≤ -13,8% 5 19.2 13 54.2     
 
Table 5.The effect of time implementation of 6 MWT on distance achievement of 6 
MWT 
Distance S Median (min-max)  p 
Distance<375 m 26 5 (4-9) 0.838 
Distance>375 m 24 5 (4-9)  
 
Table 6.Multivariate analysis of several variables on 6 MWT distance 
 Coefficient S.E Wald p OR 
95% CI 
Min. Max. 
GLS  2.08 0.80 6.77 0.009 7.97 1.67 38.03 
Age 2.39 0.82 8.56 0.003 10.90 2.20 53.97 
Male 1.80 1.03 3.04 0.081 6.04 0.80 45.65 
Constants -3.55       
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If it was grouped into patients who 
recievedfibrinolytic and non-fibrinolytic 
therapy, it was found that the introduction 
of fibrinolytic therapy did not affect the 
distance of 6 MWT. However, the success of 
fibrinolytic therapy has an impact on the 
achievement of 6 MWT distance. Several 
other variables affecting a distance of 6 
MWT and having p <0.25 of which were 
age, gender, anterior and non anterior IMA 
type, ejection fraction and left ventricular of 
GLS value.  
In a multivariate analysis with logistic 
regression, there was a relationship 
between 6 MWT and left ventricular GLS 
and age in patients after acute myocardial 
infarction (Table 6). While the gender 
variables indicate that there was no 
significant relationship. It was based on the 
Wald test for gender variables and the score 
was 3.04. The wald test score <3.84 for 
each degrees of freedom with p> 0.05 
indicated that there was no relationship 
between the two variables.To assess the 
relationship between the two variables, it 
can be indicated by the confidence interval 
that past one (0.80 to 45.65), therefore, it 
can be concluded that there was no 
significant relationship between male 
gender and the distance of 6 MWT in 
patients after acute myocardial infarction. 
The relationship between 6 MWT 
distance and left ventricular GLS was 
statistically significant with an odds score 
of 7.967 which was the post-infarct patients 
with non significant infarct area (which 
has<-13,8%GLS) to get the distance of >375 
meters was 8 times compared to post-
infarction patients with significant infarct 
wide(GLS >-13.8%). Meaningful significant 
relationship also showed by 6 MWT 
distance and age with odds score of 10.898, 
who were post-infarct patients <60 years 
old, to get >375 meters distance was 10 
times compared to post-infarct patients of 
> 60 years old. 
 
DISCUSSIONS 
This study was intended to find out the 
relationship between left ventricular GLS 
with post-IMA patient functional capacity 
with EST and IMA without EST as 
measured by 6 MWT. Patients were divided 
into left ventricular GLS group <-13.8% 
which represented a group with non 
significant infarct area and left ventricular 
GLS>-13.8% as a group with significant 
infarct wide. The significant infarct area 
characterized by an area of infarct >12% if 
measured with LGE-MRI and has a 
sensitivity of 85% and 96% specificity if it 
was assessed by >-13.8% GLS (Loutfi et al., 
2010). Patients with significant infarct wide 
had 2 years death prognosis of 7% 
compared to 0% for patients with non 
significant infarct area. 
The distance that can be taken by the 
patient after myocardial infarction with <-
13.8% GLS farther than >-13.8% GLS 
(392.39+49.44 m and 347.97+65.49 m; p= 
0.016). From the various formulas to 
estimate VO2max from 6 MWT, distance 
was the most powerful variable in esti-
mating VO2max. Valeur et al., (2005) 
assessed the importance of pre-discharge 
training in post-infarct patients who did the 
reperfusion therapy with fibrinolysis as well 
as with primary percutaneous coronary 
intervention ( PPCI) that the functional 
capacity was a strong predictor of the 
occurrence of mortality and recurrent 
infarction without therapy strategies. The 
mortality after 3 months was more 
common in the groups who were unable to 
perform exercise test compared to those 
who were able to do exercise test (6.1% and 
40%; p<0.001). 
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From the result of this study, it can be 
concluded that there was a difference in 
functional capacity measured by VO2max 
in both groups.A group of <-13,8% GLS has 
better functional capacity with VO2max 
11.04 ± 0.98 ml/kgBB/min compared to >-
13.8% GLS groupwith VO2max 10.17 ± 1.3 
ml/kgBB/min; p=0.018. Post-IMA patients 
with low functional capacity have lower life 
expectancy compared to patients without 
coronary heart disease. In the ACC/AHA 
guidelines, the practice test in post-IMA 
patients was used for evaluation of 
prognosis, prescribing activities, evaluation 
of therapy, and cardiac rehabilitation. 
Cardiac rehabilitation programs were 
useful in reducing mortality from cardio-
vascular causes by 20% -25% (Arena et al., 
2007). By knowing the mileage during the 
training test which reflect the functional 
capacity of the <-13.8% GLS group and >-
13.8% GLS, it can be estimated that the 
exercise can be given to post-infarct 
patients by observing the wide of infarction. 
In patients with a wider infarct group 
which was >-13.8% GLS, had an older mean 
age which was 576 years old compared to ≤-
13.8% GLS, age 55 years, however, there 
was no significant difference. In the group 
with >-13.8% GLS, it can be seen that there 
was an anterior IMA type group with a 
higher proportion compared to the group 
with  ≤-13.8% GLS (56% and 22%) with p 
<0.05. Left ventricular ejection fraction in 
patients with >-13.8% GLS had lower 
scores (43% and 52%) with p <0.05. This 
was in line with Minicucci et al., (2014) who 
investigated the effect of IMA patients 
teraphy on the recovery of post-IMA 
ventricular function, which showed that 
patients with systolic dysfunction charac-
terized by left ventricular ejection fraction 
<50% had a larger infarct area than 
patients without systolic dysfunction. 
Despite aggressive therapy, this systolic 
dysfunction occured more frequently in 
patients with anterior IMA type.  
A study by Dutcher et al., (2007) 
evaluated exercise capacity and left ventri-
cular ejection fraction as a predictor of 
long-term mortality of IMA EST patients 
treated withPPCI, it was found that exercise 
capacity <4 METs as a significant predictor 
of 5 years mortality rate with 4,54OR. In 
contrast to the current study, this study 
used a 6-week post-IMA symptom-limited 
ergometry and current research with 6 
MWT and was performed on day 4-9.The 
time difference between the practice test 
and the post-infarction condition of the 
myocardial infarction (still viable), 
explained the difference of functional 
capacity results. 
 
Factors Affecting Functional Capacity 
and 6 MWT Distance in Acute 
Myocardial Infarction Patients 
To find out the number of distance point 
that the patient can travel with >-13.8% 
GLS, the ROC curve obtained the distance 
by 375 meters.The patients were divided 
into groups based on the cut-off point that 
can be reached in the 6 MWT training test, 
which was <375 meters and >375 meters 
group.Bivariate analysis of several factors 
affecting the 6 MWT distance were gender, 
age, anterior IMA type, left ventricular 
ejection fraction, successful fibrinolytic 
therapy, and left ventricular GLS.  
Until now, there has been no study 
showing a distance of 6 MWT of post-IMA 
patients who divide the infarct wide of 
>12%. Research on IMA patients receiving 
fibrinolysis therapy and performed 6 MWT 
and linked it to a 3-months prognosis post 
IMA was done by Hassan et al., (2014), who 
stated that patients who travel <300 meters 
and having a high GRACE score were 4 
times more likely to experience major 
cardiovascular incident. The median 
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distance of 6 MWT in the population was 
270 meters (162-462 meters) with the 
average group distance I (> 450 meters), 
group II (300-450 meters) and group III 
(<300 meters) respectively 466 meters, 352 
meters and 106 meters.Another study in 
post-IMA patients with cardiac rehabilita-
tion programs assessing the difference in 
the 6 MWT distance which showed clinical 
improvement assessed by patient percep-
tions by 25 meters (Gremeaux et al., 2011). 
Because 6 MWT was widely accepted as a 
tool for assessing pharmacologic therapy 
response and rehabilitation and the mileage 
during the training test became an 
important prognostic factor, the reference 
score can be used as a basis for post-IMA 
rehabilitation. Another advantage of 6 
MWT were practical, safe, low cost, and can 
be applied in everyday activities (Arena et 
al., 2007). 
If it was compared to the division of 
groups based on the cutoff point that can be 
reached in the 6 MWT training test, which 
were <375 meters distance and >375 
meters group, it can be seen that >60 years 
old patients have lower mileage (Table 4). 
Functional capacity was not based entirely 
as a result of cardiac function but also as 
part of the accompanying morbidity. The 
inability to perform the training test was a 
feature of low functional capacity and a 
negative predictor in post-IMA patients. 
Those groups of patient had older age 
characteristics, more in women, had 
previous infarction, and had extensive 
coronary artery disease (Borjesson and 
Dellborg, 2005).    
Training capacity was affected by age 
and there was a decrease of 8-10% per 
decade. The decreases were due to 
decreased stroke volume, maximum heart 
rate, blood flow to skeletal muscle, and 
skeletal muscle function (Arena et al., 
2007). A study which involved the normal 
population connecting the mileage at 6 
MWT with age found that there was a 
difference of 6 MWT distance between the 
age group of 20-40 years old, 40-60 years 
old and >60 years old, which were 645.19 ± 
80.78 m; 540.68 ± 59.74 m and 457.39 ± 
64.1 m (Pires et al., 2007). 
In bivariate analysis, it was found that 
female gender had an effect on functional 
capacity. VO2 max in male was 10-20% 
higher than female. This was partly due to 
hemoglobin levels, a higher proportion of 
muscle mass, and stroke volume (Arena et 
al., 2007).The difference in VO2max which 
represented by achievement of 6 MWT by 
gender was also in line with Crapo et al., 
(2002) who indicated that a distance of 6 
MWT was found in a healthy adult popu-
lation, the distance median of 6 MWT was 
580 m for males and 500 for females. 
In this study, from 36 patients who 
received fibrinolysis, 14 of them were 
included in the success criteria of fibri-
nolysis (39%). The proportion of patients 
who met the criteria for successful fibrino-
lysis was greater in the >375-meter group, 
compared to <375 meters (47% and 29%). 
A study conducted by Ndrepepa et al., 
(2005) assessed the association between 
residual blood flow and ventricular function 
recovery, it was found that there were 
significant differences in perfusion defects 
but there was no difference in the number 
of hypochynetic areas. The incompatibility 
of perfusion and contraction indicated that 
the occasional infarct related artery (IRA) 
association played a role in maintaining the 
perfusion to most areas at risk and 
becoming a stunning myocardium. Stun-
ning myocardium improved the regional 
motion function of time-dependent ventri-
cular wall. In GLS measurements, within 
48 hours of infarction onset, myocardial 
ischemia and contractile degradation would 
be recorded as dysfunctional areas due to 
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ischemic conditions in the myocardium 
disrupting the contractile function. The 
dysfunction may persist for several hours in 
myocardial ischaemia but it did not cause 
the myocardium to become an infarct and 
would return to normal function (Camici et 
al., 2008). In the early stages of this 
infarction, left ventricular GLS cannot dis-
tinguish myocardial inflammation due to 
infarction or impaired motion due to stark 
myocardium.This was supported by a study 
done by Dimitriu-Leen et al., (2017), which 
stated that post-IMA myocardial ischemia 
affected the left ventricular GLS. Residual 
ischemia was associated with lower left 
ventricular GLS.This explained why the 
bivariate analysis of fibrinolyticefficacy 
affected 6 MWT distance in post-myo-
cardial infarction patients, but has no effect 
on multivariate analysis. 
In bivariate analysis, if it was divided 
into anterior and non-anterior IMA group, 
6 MWT distance was affected by anterior 
IMA type with p=0.166, however, there was 
no meaningful relationship on multivariate 
analysis. Patients with the anterior IMA 
type were more likely to experience systolic 
dysfunction as indicated by a lower left 
ventricular ejection fraction and the IRA in 
LAD was an independent predictor on the 
magnitude of the early infarction perfusion 
defects (Ndrepepa et al., 2005).  
Left ventricular ejection fraction 
affected the functional capacity in bivariate 
analysis, but it was not proven in multi-
variate analysis.Arena et al, (2007) also 
stated thatthe degree of damage/ distur-
bance in the myocardium has an effect on 
the functional capacity.  Another influential 
factor was a 3-week total rest which would 
decrease the functional capacity by 25% 
and heredity.  
In accordance with multivariate 
analysis results, the left ventricular GLS 
affected the functional capacity as mea-
sured by 6 MWT. This showed the defor-
mation of longitudinal myocardial fibers 
affected by myocardial ischemia/ infarction 
characterized by lower left ventricular GLS 
(>-13.8% GLS). GLS was superior in the 
assessment of systolic function compared to 
left ventricular ejection fraction. Left 
ventricular GLS can detect a decrease in 
systolic function in patients with heart 
failure with systolic function maintained 
with a decrease in exercise capacity 
(Hasselberg et al., 2013). In the long-term 
stratification risk of post-IMA patients, 
Antoni et al., (2010) showed that left 
ventricular GLS was higher than left 
ventricular ejection fraction, >-15.1% GLS 
had a hazard ratio of 4.5 (95% CI= 2.1 to 
9.7) to all-cause mortality. 
In this study, GLS measurements 
were taken in 48 hours of onset of 
myocardial infarction and 6 MWT of 
training was performed at 4 to 9 days 
hospitalization range with a median of day 
5.The timing of this training test has no 
effect on the achievement of 6 MWT 
distance (Table 5). In groups recieving 
fibrinolysis and successful fibrinolysis, they 
would have benefit from preservation of 
myocardial blood flow by saving at risk area 
from developing into infarct tissue and/or 
becoming a stunning myocardy. 
Functional capacity was also asso-
ciated with the disease or treatment that 
may affect its components. β-blocker 
therapy in acute situations modified the 
muscular metabolic system and reduced 
resistance to exercise capacity as indicated 
by increased tired perception during 
exercise, lower VO2max and lower exercise 
heart rate. A study byWesthoff et al., 
(2007)showed that the effect of β-blocker 
therapy in hypertensive patients did not 
interfere the benefits of exercise, although 
it was found that maximal heart rate during 
exercise was lower. In this study, there were 
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9 patients with an inferior IMA diagnosis 
and 1 anterior IMA patient with a high-
degree AV block history who did not receive 
β-blockers. This study did not distinguish 
the groups of patients with β-blocker and 
without β-blocker therapy. Under these 
conditions, it was expected that this study 
may include different clinical conditions in 
post-IMA patients. 
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